The intraperitoneal test allows a ranking with respect to carcinogenic potential even within the group of highly soluble insulation wool fibre types. A rate of treatment-related abdominal tumours of ~10% is regarded as a suitable marker for the existence of such a potential. Supporting findings are an increased number of animals with persisting peritonitis and a substantially increased early mortality among the non-tumour-bearing animals. Some of the fibre types did not reach such conditions even at doses around 500 mg or 5 × 10 9 WHO fibres.
INTRODUCTION
Exposure to fibrous dusts by i.p. injection is regarded as probably the most sensitive test for carcinogenicity. The dose-dependent incidence of mesothelioma is correlated with other major findings:
1. fibrous adhesions between and (superficial) diffuse fibrosis in abdominal organs/structures; 2. chronic inflammatory peritonitis associated with nodular fibrotic processes on abdominal organs characterized by a high content of collagen fibres and a material-dependent degree of cellular content; 3. a decrease in survival among the subgroups of non-tumour-bearing animals (NTBA), which becomes substantial when the incidence of mesothelioma reaches a significantly increased level.
MATERIALS AND METHODS
Groups of 51 female Wistar rats (Crl-WI-BR strain) were used in both studies. The descriptive part of the previous study has been published (Lambre et al., 1998) . An overview of the main data of the new study is given in this supplement (Richard et al., 2002) and in the left-hand half (first six columns) of Table 1 .
The effects of items 1 and 2 in the above list can be defined by extent (number of sites affected = number of events) and by severity (average or highest grade found at the respective site). The right-hand half of Table 1 shows scores based on the number of events divided by number of deaths for each group up to the end of the study. Table 2 shows the number of events and number of deaths up to week 90, when the percentage dead reached ∼20% in the lower exposed groups. The grade of severity for the lesions is not taken into account in the scores presented in Tables 1  and 2. Different pathologists were responsible for the diagnosis and registration of macroscopic and microscopic findings in the previous and the new study, and the phrases used were not directly comparable. A main difference existed with respect to the phrase 'capsular fibrosis', which was used extensively in the previous study for the description of microscopic findings of superficial fibrosis mainly in the liver and spleen. In the new study it was not used at all. For the scores evaluated by the authors of this paper, described as 'score reducing influence of findings for the liver' in Tables 1 and 2 , particular macroscopic and simultaneous microscopic findings for the liver were taken together as one event so that the findings related to other organs have more impact on the scores. In Table 1 the final column, 'fibrous adhesions', represents the total of all macroscopic and ∆ST, difference in survival time between NTBA in the combined negative control groups and NTBA in the respective exposed group (weeks). The total range of survival for each of these groups/subgroups was divided into four quartiles: quartile I, 100-76% survival; quartile II, 74-50% survival; quartile III, 48-26% survival; quartile IV, 24-0% survival (data available in 2% classes). microscopic events in the new study as an equivalent for the more extended coding in the previous study. To investigate item 3 in the above list, the difference in survival times for NTBA between the combined negative control groups and the exposed group is calculated and tabulated as averages for quartiles of survival in Table 3 . A positive number means that the survival rate of NBTA in the group is reduced.
RESULTS

Item 1: fibrous adhesions
The trend of findings is consistent. There was no substantial occurrence of events, in particular up to week 90, in the negative control groups; severity was 'minimal' to 'slight'. Even for the lowest doses, <1 mg soluble fibres, the number of events per group was measurably increased. The number of events increased with dose and shows a certain variability related to fibre type, but the severity did not exceed 'moderate' (only one single case with the grade 'marked' was found among all the animals exposed to soluble fibres). The fraction of events found at week 90 compared with the total found at the end of follow-up increased with dose and was rather similar for some fibre types. Crocidolite showed a delayed dose-dependent increase in the number of events, but the increase with respect to severity was stronger than for the soluble fibre types; for group CRO4 dosed with 5 mg ∼5% of the fibrotic reactions were graded 'marked', which was accompanied by a significant decrease in survival.
Item 2: chronic peritonitis with fibrotic nodules
The pathologist responsible for the new study created this diagnosis, however, there was no equivalent available from the previous study. The number of events demonstrated a stronger connection with the development of mesothelioma than fibrous adhesions. Among the test fibre-exposed groups the severity ranged between 'minimal' and 'moderate' depending on dose, with one single case of 'marked'. In group CRO4 up to 20% of the animals showed this degree of severity.
The cellular content of the fibrotic nodules was extremely high in the case of crocidolite and very low for fibre types M and O, showing an almost acellular picture. For the other highly soluble fibre types, B, P and V, the qualitatively estimated cellular content was regarded as moderate without clear differentiation according to fibre type, but a marked difference compared with crocidolite remained.
Item 3: differences in survival time between NTBA from negative control groups and exposed groups A positive result means that the survival rate of NTBA in a certain exposed group was reduced. The observed dose-dependent development of this parameter usually gave substantial positive results when significant tumour rates were achieved, or even before.
CONCLUSIONS
Injection of dust into the abdominal cavity of rats initiates obligatory diffuse fibrosis at all doses. Nodular fibrosis, probably associated with a chronic peritonitis, can be diagnosed when 'critical dose levels' are overstepped. These dose levels are characteristic for a certain test material.
The development of chronic peritonitis with advanced nodular fibrosis is regarded as the major indicative event with respect to carcinogenicity. The literature shows that certain granular dust types, e.g. crystalline silica, will lead to nodular fibrosis after i.p. injection, but in general fibrous dusts are more active than granular particles derived from the same material. Structural and chemical stability of the fibres after injection dominates the development of reactions. Highly soluble fibres will initiate diffuse fibrosis but not the consecutive steps leading to carcinogenicity. This is valid for doses up to at least several hundred milligrams or one billion WHO fibres per rat, and is supported by the parameters investigated in this study.
When the fibrotic reactions overstep a grade of severity characterized as 'moderate' the reasonable limitation for dose in an i.p. test is reached. The essential consequence is a rapid increase in mortality among NTBA in the exposed group and fibrosis becomes a major factor contributing to death. In this study this was seen for a 5 mg dose of crocidolite, with a median survival of 59 weeks for the whole group. A substantially elevated mortality among NBTA was regularly observed at a much lower dose (e.g. 0.05 mg crocidolite), virtually always associated with a significant rate of mesothelioma. This condition was not reached for fibres M and O even at a dose of 5 × 10 9 WHO fibres.
